A Sarcoma arising in the abdominal cavity in an aged Fischer-344 rat was studied by immunohistochemistry and electron microscopy. The white-yellow soft mass was located on the lumbosacral vertebrae, compressing adjacent parenchymal organs. The tumor was made up of spindle shaped cells situated in a background of myxoid substance and a small amount of reticulin and collagen fibers. The tumor cells grew in a loose storiform pattern and often adhered to each other by their cell processes to form ovoid or slitlike spaces. Immunohistochemically, the tumor cells were strongly positive for vimentin but negative for keratin, macrophage ED1 antigen, &alpha;-smooth muscle actin, Factor VIII-related antigen, and S100 protein. Electron microscopy demonstrated the endothelial differentiation of the tumor cells, such as occasional luminal spaces, a small number of micropinocytotic vesicles, and interdigitating junctions with desmosomes between cell processes of adjacent cells. Furthermore, its endothelial origin was suggested by the presence of electron-dense rods resembling Weibel-Palade bodies. Instead of a definitive basement lamina surrounding the tumor cells, there were extracellular thin "anchoring filaments" that were attached to the cell surface at areas of increased electron density. These findings indicate that the tumor is of lymphatic vessel type rather than blood vessel type.
Lymphangiosarcoma is an uncommon malignant neoplasm that theoretically arises from or differentiates toward lymphatic endothelium. In humans, the tumor is known to occur in patients with postsurgical lymphedema, particularly as a result of radical mastectomy for breast carcinoma (4) . On the other hand, the occurrence is extremely rare in animals (11) , while hemangiosarcoma, the counterpart of endothelial cell origin, is occasionally found in various tissues and organs. In a comparison of neoplasms in 6 sources of rats, MacKenzie and Garner (8) found 1 lymphangioma and 1 lymphangiosarcoma out of 535 Sprague-Dawley (SD) rats and 1 lymphangioma out of 673 Oregon rats; however, their histological features were not described.
In this study, we present a case of spontaneous lymphangiosarcoma seen in the abdominal cavity of a Fischer-344 (F-344) rat.
The male F-344 (F-344/DuCrj) rat was obtained from a commercial supplier (Charles River Japan, Inc., Kana-gawa, Japan) and fed a standard laboratory diet as a control animal in a 2-yr combined chronic toxicity and carcinogenicity study. The animal was euthanatized with ether at 101 wk of age because of poor general condition accompanied by abnormally enlarged abdomen. At necropsy, a white-yellow soft mass resembling adipose tissue and 8 cm in diameter was located on the lumbosacral vertebrae in the abdominal cavity. The demarcation between the mass and adjacent organs/tissues such as the kidney, adrenals, mesentery, aorta, and vena cava was relatively apparent although these tissues were slightly compressed. The cut surface of the mass was poor in blood and looked homogeneously and translucently white-yellow except various-sized whitish necrotic foci around the center. There was a slight amount of increased clear ascites fluid in the abdominal cavity.
The formalin-fixed mass was embedded in paraffin, sectioned at 5 Wm, and stained with hematoxylin and eosin, Alcian blue, azan, and silver impregration for light microscopy. Frozen sections of the formalin-fixed mass were stained with oil red O. Immunohistochemical staining was performed on deparaffinized tissue sections with polyclonal antibodies against bovine keratin, chicken desmin, human Factor VIII-related antigen, and bovine S 100 protein or with monoclonal antibodies against rat macrophage ED antigen, human a-smooth muscle actin, and swine vimentin (V9) using a streptavidin-biotin complex immunoperoxidase (ABC) technique (6) . Those antibodies except anti-macrophage ED antigen (Serotec, Oxford, UK) were supplied by Dako A/S (Glostrup, Denmark). Deparaffinized sections were digested with trypsin or pronase and then reacted with primary antibodies, followed by incubation with biotinylated swine anti-rabbit or sheep anti-mouse Ig antibodies, and peroxidase-conjugated streptavidin. For vimentin or macrophage ED 1 antigen staining, sections were incubated in phosphatebuffered saline at 90°C for 20 min before application of the primary antibodies. Finally, the reaction to each antigen was visualized with diaminobenzidine tetrahydrochloride chromogen and was counterstained with hematoxylin. For transmission electron microscopy, small pieces of the formalin-fixed tumor tissue were postfixed in 1 % osmium tetroxide, processed routinely, and embedded in epoxy resin. Ultrathin sections were stained with uranyl acetate and lead citrate prior to examination with a JEM 1200 EX electron microscope.
Microscopically, the tumor was composed of spindleshaped cells with various amounts of cytoplasm and sometimes showed a loose storiform pattern (Fig. 1 ). The tumor cells contained round or oval hyperchromatic nuclei with no discernible nucleoli and often adhered to each other to form short chains or multinucleated cells.
The tumor cells invaded diffusely the surrounding adipose tissue and muscular tissue. Mitotic figures were found in 4-6 tumor cells per 10 fields of high magnification (X400). Many ovoid or slitlike closed spaces were formed by the cell processes of the tumor cells (Fig. 2 ).
The spaces did not contain red blood cells but occasional amorphous substance. There were no tumor cells containing oil red O-positive droplets. The interstitium was rich in myxoid substance that was Alcian blue-positive. A small amount of reticulin fibers and collagen fibers were dispersed randomly between the tumor cells. Immunohistochemically, the tumor cells were strongly positive for vimentin, so that a contour of ovoid or slitlike spaces was accentuated (Fig. 3 ). Factor VIII-related antigen was observed in the endothelium of nonneoplastic blood vessels and capillaries but not in the tumor cell. Immunostains for keratin, macrophage ED antigen, asmooth muscle actin, and S 100 protein were consistently negative.
Ultrastructurally, the tumor cells had ovoid or elongated hyperchromatic nuclei with occasional invaginations and a small amount of cytoplasm that adhered to adjacent cells (Fig. 4 ). There were many irregular spaces lined with the flattened cytoplasmic processes of the adjacent tumor cells, and sometimes 1 round space was invested with the cytoplasmic processes of a single tumor cell (Fig. 5 ). The cytoplasm contained a large number of ribosomes, moderately developed endoplasmic reticulum, and fine filaments. Some cell processes had a few micropinocytotic vesicles on one side and extracellular fine filaments were attached to the cell surface at areas of in-creased electron density on the other side. Interdigitating junctions with desmosomes are formed by a close apposition of adjacent cell processes (Fig. 6 ). An electrondense rod similar to the Weibel-Palade (WP) body was rarely found in the tumor cells ( Fig. 6, inset) . The membrane-bound rod was characterized by a highly ordered array of parallel electron-dense &dquo;lines.&dquo; The interstitium was rich in electron-lucent amorphous substance containing a small amount of fine filaments and collagen fibers.
No basement lamina existed around the tumor cells.
Other findings observed in this animal were spontaneous or strain-specific lesions such as Leydig cell tumor in the testis, sperm granuloma in the vas deferens, moderate radiculoneuropathy, mild bile duct proliferation in the liver, and chronic nephropathy. This tumor is characterized by luminal structures formed by the cell processes of flattened neoplastic cells and is assumed to be of a malignant nature due to its local invasion into surrounding tissue accompanied by occasional necrosis and a certain degree of mitotic activity and cellular atypia of the tumor cells. A strong positive reaction to vimentin indicates that the tumor originated not from epithelial cell but from mesenchymal cell. It seems unlikely that the tumor is of Schwann cell or pericyte origin because the tumor cells were consistently S 100 protein-negative and had no basement lamina. The possibility of histiocytic origin can be ruled out based on the negative reaction to the antibody against macrophage ED 1 antigen and ultrastructural features of the tumor cells, although storiform growth pattern observed in this case is a histologic finding common in malignant fibrous histiocytoma (MFH).
Factor VIII-related antigen is well known as a specific marker for tumors of endothelial origin. However, there is great variation in the expression of the antigen in angiosarcomas (4) . In fact, the antigen was expressed in only a few tumor cells in lymphangiosarcoma in a dog (12) and hemangiosarcoma in a rat (2) . Although trypsin or pronase pretreatment was employed in this study in order to enhance reactivity to Factor VIII-related antigen, the tumor cells were consistently negative. Some studies (3, 9) state that the staining of lymphatic endothelial cells for the antigen is weak to absent. Thus, its negative stain of the tumor cells in this case will not necessarily eliminate the possibility of endothelial origin.
Electron microscopy demonstrated the endothelial differentiation of the tumor cells, such as occasional ovoid or slitlike spaces, a small number of micropinocytotic vesicles and interdigitating junctions with desmosomes between cell processes of adjacent cells. Furthermore, its endothelial origin could be supported by electron-dense rods resembling WP bodies rarely seen in the tumor cells. At the light microscopic level, the basic structure of lymphatic vessels is similar to that of blood vessels except for the presence of red blood cells in the latter. Similarly, there is no definitive marker to distinguish lymphangiosarcoma from hemangiosarcoma in differential diagnosis. However, electron microscopy has revealed some structural differences between these 2 vessels as follows: (a) investment by a basement membrane or pericytes in blood vessels, but none in lymphatic vessels, (b) higher frequency of WP bodies in the endothelial cells of blood vessels than of lymphatic vessels, and (c) thin &dquo;anchoring filaments&dquo; on the abluminal surface of the endothelial cells in lymphatic vessels alone. These ultrastructural differences may possibly be preserved in their neoplasms to a greater or lesser degree.
In the present case, tumor cells containing electrondense rods resembling WP bodies were rarely noted.
Ghadially (5) insists that WP bodies assist in distinguishing a hemangiomatous tumor from a lymphangiomatous tumor because they exist in the endothelial cells lining blood vessels but not in those lining lymphatics. However, other studies (10, 13) demonstrated that WP bodies were present in the endothelial cells in both lymphatic and blood vessels. Therefore, the detection of WP bodies is not necessarily a conclusive proof of a hemangiomatous tumor. The presence of basement lamina in both capillary hemangiomas and angiosarcomas has been confirmed by an immunohistochemical technique using antibodies against Type IV collagen and laminin, which are 2 ubiquitous components of vascular basement lamina (1) . In contrast, lymphangiectasias and lymphangiomas lack both of these components (1). In the present case, instead of a definitive basement lamina surrounding the tumor cells, there were extracellular thin &dquo;anchoring fil-aments&dquo; that were attached to the cell surface at areas of increased electron density, similar to half desmosomes (7) . Thus, this tumor is thought to be of the lymphatic vessel type rather than of the blood vessel type. In addition, the gross findings that this mass were extremely poor in blood but rich in mxyoid substance may also suggest a nature of lymphatic neoplasm.
